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Dr. L. S. Palmer, in a recent lecture, pointed out the fact that the 
annual food bill for the United States has been estimated at 12 billion 
dollars, and that this bill has been paid with ·very little fundamental 
knowledge of the composition or requirements of foods. During 1936 
approximately 400 million dollars were paid for fishery products con-
sumed in the United States. Fish, shellfish, and crustacea have an 
iinportant place in the American dietary. Connoisseurs appreciate 
the distinctive fine flavors of the great variety of fishery products; 
others find them a dependable and economical source of sustenance. 
Recent studies have shown that seafood proteins are equal, and in 
many cases superior in nutritive value, to other common sources of 
protein (Lanham and Lemon, 1938). Some fishery products are 
rmportant sources of vitamins. 
During the past 30 years there has been an enormous amount of 
work done to determine the mineral requirements of man. Of course, 
the early observation that the skeleton and teeth of animals contained 
considerable ash served as the original impetus to mineral-require-
ment research. However, it was not long before physiologists showed 
definitely that not only were the so-called bone-forming minerals im-
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portant, but other elements were equally essential for the normal 
functioning of the body. These include iron and copper for the pro-
duction of the red cells in the blood, and iodine for the normal func-
tioning of the thyroid gland. 
Nutrition workers are now endeavoring to find suitable and eco-
nomical sources of essential minerals for inclusion in diets. Many 
foods have been analyzed and the data tabulated in standard refer-
ence books. Fishery products, however, are generally lacking from 
these compilations, and the Bureau of Fisheries has initiated a project 
for their analysis. 
DAILY MINERAL REQUIREMENTS 
CALCIUM 
Calcium is the mineral element most likely to be found in insufficient 
amounts in the average American diet. This is particularly true since 
the foods low in calcium form the chief source of calories. The adult 
man, weighing about 160 pounds, should have an intake of 0.75 gm. 
daily, according to the recommendations of the Technical Commission 
of the Health Committee for the League of Nations. This allowance 
should be increased to 1.00 gm. daily for growing children and 1.50 
gm. daily for pregnant or lactating women. Nearly 99 percent of the 
calcium in the body is found in the bones and teeth. 
MAGNESIUM 
Approximately 70 percent of the magnesium in the body is found 
in the bones. The muscle tissue contains more magnesium than 
calcium, while the blood contains more calcium than magnesium. 
Fewer studies have been conducted in the metabolism of magnesium 
than for calcium _and phosphorus. However, the requirement for 
magnesium has been calculated by Brull (1936) to be about 0.25 gm. 
daily for an adult man weighing 160 pounds. There is little likelihood 
that the average diet is lacking in sufficient magnesium to cover the 
needs of the body. 
PHOSPHORUS 
Approximately 70 percent of the phosphorus in the body is found 
in the bones and teeth, but it is also involved, to a very important 
extent, in the metabolism of all cells. The requirement is about 1.00 
gm. daily for an adult man. 
There has been considerable discussion as to the availability of the 
different forms of phosphorus. Although the phosphorus in foods is 
almost entirely ortho-phosphate, it may be: (1) inorganic phosphate, 
(2) phosphoprotein, (3) phospholipid, or (4) a phosphoric acid ester 
of a carbohydrate or related compound, e. g., phytin, or some sin1ilar 
compound. Most of the discussion concerns the comparative avail-
ability of phytin. However, this type is unimportant -in flesh foods. 
No partition studies were made in the analyses reported in this paper. 
CALCIUM-PHOSPHORUS RATIO AND VITAMIN D 
The calcium-phosphorus ratio in the diet is probably of less im-
portance than the assurance that sufficient calcium and phosphorus 
is absorbed and utilized to meet the requirements for optimum metab-
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olism. Unfortunately, little is known regarding all of the factors 
affecting absorption under various conditions of health and stages of 
development or production. The optimum daily intake previously 
mentioned for calcium and phosphorus is apparently a compromise 
estimate of minimUln requirements, with approximately a 50 percent 
addition for safety. The committee realizes the limitations of this 
estimate and recommends that a thorough study be made of the factors 
influencing the utilization of calcium and phosphorus. However, the 
average diet is :more likely to contain a deficiency of calcium than of 
phosphorus. 
Jeans and Stearns (1938), in their sUlnmary of the human require-
ments for vitamin D, state that this vitamin does not decrease the 
minimum requirement of calcium and phosphorus, and cannot produce 
a good retention in a person ingesting less than the minimum require-
ments for these minerals. Therefore, the function of vitamin D is 
rather to increase the retention by those least efficient to approximate 
that of those most efficient. They estimate that the vitamin D re-
quirement for a full-term baby is 300 to 400 international units daily. 
The exact Tequirements during childhood and adolescence are not 
known, but these authors believe that a diet reasonably adequate in 
calcium and phosphorus, and which furnishes 300 to 400 international 
units of vitamin D daily, will permit satisfactory skeletal growth and 
good dentition. The ainount of sunshine enjoyed, and the type of 
vitamin D administered, affects the quantity to be added to the diet. 
Adults may need no added vitamin D except during periods of illness, 
pregnancy or lactation. In the latter instance, Jeans and Stearns 
recommend up to 800 international units daily. 
IRON 
Considerable research has been conducted during the past few years 
to determine the human requirement for iron, and to study the effi-
ciency of the various forms to meet these needs. Not :more than three 
to four grams exist in the body, of which 2.5 gm. is in circulation. The 
best estimates indicate that approximately 10 mg. of available iron per 
day are sufficient to cover the needs of an adult man. Women and 
preschool children require somewhat more. The estimate for children 
is about 0 .6 :mg. per kgm. body weight (Daniels and Wright, 1934). 
For :many years inorganic iTon was not considered to be absorbed 
by the body, but recent experimental data indicate that both ferric 
and ferrous salts are utilized, particularly by the healthy body. 
Considerable attention has been given to the determination of avail-
able iron in foods by means of a bipyridine test. The hematin iTon 
does not react with this reagent and supposedly cannot be used by the 
body to form hemoglobin. Some experiments ca.st doubt on the 
validity of this contention1 an~ a final con.clusion apparen~ly has n?t been reached. The total Iron 1s reported m the analyses mcluded m 
this paper. 
CoPPER 
Copper is apparently needed for the conversion of the absorbed iTon 
into hemoglobin. Bridges (1937) reports that the average daily intake 
is 2.0 to 2.5 mgm. and the requirement is probably one-thiTd thereof. 
Therefore, the copper requirement should be amply covered by any 
mixed diet. 
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IoDINE 
A lack of iodine in the diet is the cause of endemic goiter, and this 
element is likely to be deficient in all areas not contiguous to the coast. 
These areas extend notably around the Great Lakes, extending east-
ward into New York, south into Kentucky and Missouri, and west-
ward to the Pacific coast. A daily intake of 0.1 mg. of iodine has been 
recommended by the Technical Commission of the Health Committee 
for the League of Nations. Saltwater fish are a satisfactory source of 
naturally occurring iodine. 
FISHERY PRODUCTS AS SOURCES OF MINERALS 
The Bureau of Fisheries has investigated in detail the nutritive 
value of various fishery products and this report is the fu·st general 
summary of the analyses of their mineral content. The fresh fish, 
shellfish and crustacea which were studied represent species r eadily 
available at the local markets at the time the analytical work was in 
progress, and the canned salmon represents the five commercially 
important species of the Pacific coast. In each case only the edible 
portion was analyzed. · 
FILLETS 
Fresh fish were filleted according to commercial custom. The two 
fillets from a fish ordinarily represent from 35 to 60 percent of the total 
weight, and consist of bone-free muscle with or without attached skin. 
Our samples were skin-free. They varied in fat content from about 
1 percent in cod and haddock to as much as 20 percent in fat mackerel 
or mullet fillets. 
TABLE l.-1'he mineral content of fillets 
[Percent by weight of t.be fresh edible portion] 
Num· Dry Cal· Mag. Phos-Species ber or mnt-
samples ter 1 cium nesium phorus 
-- - - --- -
Cod (Gadus morrhua) ..... _____ ___ 4 17.7 0. OliO 0. 0280 0. 181i9 
Haddock (Melanogrammus aegle· 
. finus) _______ ______ _____ __ __ __ __ __ 4 18. 7 . 0165 . 0236 . 1731 
Mackerel (Scomber scombrus) _____ 2 19, 9 .0048 . 0281 . 21G9 
Red snapper (Lutianus black-
fordii) _____ _ -- -- ------ · ---- --- --- 3 21.7 . 0162 . 0276 . 2279 
Mullet (Mugil ccpbalus) . _________ 3 23.9 . 0261 . 0318 . 2198 
Pilchard , California (Sardina cae-
rulea)'-- - ---- ---- -- ---- -- -- ------ 2 20.5 . 0422 . 0237 . 2115 
Flounder (Pleuronectidre species) _ 2 21.3 . 0117 . 0305 . 2053 
Lake herring (Leucichtbys artcdi)_ 1 17.9 .0116 . 0172 .1518 
' Samples first <:lried on steam bath and finished in electric air oven at 80° C. 
' Whole fresh fish . · 
Iron Copper Iodine 
- - - -----· 
0. 000518 0. 000041 0. 000103 
. 000516 . 000041 . 000513 
. 001224 . 000115 . 000053 
. 0011.18 . 000038 . 000031 
. 001779 '000082 • 000485 
. 002483 . 000166 . 000013 
- -- ---- - - ---------
• 000029 
·- - -- -- - -
--------- - ---- -- -
NoTE.- Four units to the right of the decimal point equals parts per million, or mgms per kgm. 
In general, the mineral content is quite similar to beef round (see 
tables 1 and 3), except that beef contains more iron, largely due to 
blood content, and much less iodine. The edible pOTtions of most 
fish are quite low in calcium, but are satisfactory somces of magnesium 
phosphorus, iron, copper, and iodine. 
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CANNED SALMON 
The flesh is an excellent somce of protein a.ild calories. The oily 
liquid found in the can should not be discarded, since it is quite rich 
in vitamins A and D (Lee and Tolle, 1934), and contains some mineral 
matter in solution. The bones are soft and are an excellent source of 
bone-forming minerals. Canned salmon contains an equal quantity 
of magnesium, almost twice the phosphorus, and about 15 times as 
much calcium as beef round (see table 2) . In fact, any fish that has 
been canned without being boned is a good source of calcium. 
TABLE 2.-The mineral content of canned salmon 
[Percent by weight of the entire contents of can) 
N um- Dry Cal- Mag- Phos-Species berof mat- Iron 
samples ter 1 cium nesium phorus 
----- - - - - - -
R ed (Oncorhynchus nerka) ___ __ ___ 3 31. 3 0. 2082 0.0292 0. 3364 0. 001180 
Chinook (Oncorhynchus tscha.wy-
tscha) _ · ---- - -----· ----- - .. . . ... .. 3 3:l. 2 .1071 . 0267 . 2778 . 001270 
Coho (Oncorhynchus kisutch) . .. __ 2 30. 1 . 2304 . 0298 . 3382 . 000890 
Pink (Oncorhynchus gorbuscha) __ 2 29. 6 . 1735 . 0299 . 3206 . 000760 
Chum (Oncorhynchus keta) ....... 2 27.3 . 2492 . 0299 . 3518 . 000740 
1 Samples first dried on steam bath and finished in electric air oven at 80° C. 
Copper Iodine 
---
o. 000081 0. 00005 3 
. 000077 . 000067 
. 000064 . 000023 
. 000056 . 000021 
. 000050 . 00002 
There are minor variations in the composition of the different 
species of salmon, depending on the average size and fatness of the 
fish. However, this does not mean that all species are of equal value. 
There are marked differences in flavor and color, but little difference 
in food value. 
OYSTERS 
Oysters are an excellent source of iron, copper, and iodine (see table 
4). Coulson (1933) (1934) found that oysters followed pork and beef 
livers as a source of iron, and were first in copper content among the 
common foodstuffs, when calculated on the basis of an average-
serving portion. Oysters are one of the best sources of iodine. 
They also contain almost one-half as much calcium, five t imes the 
magnesium, and more phosphorus than milk, on an equal-weight 
basis. 
Food 
TABLE 3.-The mineral content of some common foods 
[Percent by weight of the edible portion) I 
nfafler Calcium ~~e- Phos-phorus Iron Copper Iodine 
-------- - - - ---- --- - -------- ---
M ilk __ _______ __ __ ______ _______ _ 
White bread .. - -- - --- -- --- --·--
Tomatoes ____ __ _ . __ · -- __ ___ . - - . 
Potatoes _____ __ ________ ___ _ --·_ 
Beer__ __ _____ ________ __ ___ __ ___ _ 
1 From various sources. 
12.7 
59. 3 
5. 7 
26.6 
36. 9 
0.120 
. 027 
. 011 
.014 
. 012 
0. 012 
.023 
. 010 
. 028 
. 024 
SHRIMP 
0. 093 
. 093 
. 026 
. 045 
. 216 
0. 0002 
. 0009 
.0006 
. 0009 
. 0030 
0. 00002 
. 00034 
. 00007 
. 00017 
. 00010 
0. 000007 
. 000006 
. 000004 
.000004 
. 000001 
Shrimp contain an equal quantity of phosphorus, twice the magne-
sium, and almost five times as much calcium as beef round (see 
table 4) . They contain almost one-half the iron content of oysters, 
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and the copper content approximates that of white bread, which is 
the richest source among the common foodstuffs included in table 3. 
Shrimp are also an excellent source of iodine. 
CRAB MEAT 
The crab meat was prepared from hard-shelled, blue crabs. In 
commercial practice crabs are steamed under pressure for about 20 
minutes. After cooling, the meat is removed and sorted into three or 
more grades of white meat, and a single grade of claw meat. The 
samples analyzed were commercial packs. The white meat is an 
excellent source of all the mineral elements which were studied (see 
table 4). The claw meat contains somewhat less calcium, iron, 
copper, and iodine. 
DI SCUSSI ON OF FOOD VALUES 
In general, fishery products are excellent sources of magnesium, 
phosphorus, iron, copper, and iodine. Canned salmon, shellfish, and 
crustacea are also quite satisfactory sources of calcium. The fat 
content of fish fillets varies from 1 to 20 percent, depending on the 
species and size of the fish, and the mineral composition is quite simi-
lar to beef round, except for a higher iodine content. 
Canned salmon is an excellent source of protein and calories. The 
oil is a good source of vitamins A and D . Mineral analyses show an 
equal quantity of magnesium, almost twice the phosphorus, and 
about 15 times as much calcium as beef round . 
Oysters, shrimp, and crab meat contain approximately half as 
much calcium, five or more times the amount of magnesium, and 
more phosphorus than an equal quantity of mille In addition, shell.:. 
fish and crustacea are particularly good sources of iron, copper, and 
iodine. 
TABLE 4.-The mineral content of shellfish and crustacea 
[Percent by weigh t o! the !resb edible portion] 
Num- Dry Cal- M ag- Phos-Species ber of Iron Copper 
samples matter• cium nesium phorus 
----
- - --- - - --- · 
Oysters, E astern (Ostrea v irginica). 4 15.0 0. 0579 0. 0320 0. -1121 0. 006100 0. 003730 
Oysters, Pacific natives ( Ostrea 
lurida) ............... .... . . . . ... 2 17.9 .0632 .0242 . 1540 . 004940 . 001240 
Oy~ters, Pacific,.J apanese (Ostrea 
2 21.4 . 0628 .0480 . 1922 . 007510 . 001230 gigas) . ....... . . ........ . . ........ 
Shrimp, r aw (Peneus brasiliensis) . 4 20.0 . 0542 . 0421 . 2285 . 002188 . 000331 
Shrimp, boiled ............. • . . . .. . 2 28.7 . 0614 .0509 . 2432 . 003973 . 000302 
Blue crab, white meat (Callinectes 
. 001582 sapidus) ................. . . .. . . . . 4 21. 1 .1028 .0336 . 2052 . 002262 
Blue crab , claw meat. .. ...... . •.. . 3 20. 4 . 0706 . 0345 . 1796 . 000746 . 000368 
1 Samples fi rst dried on steam bath and finished in electric air oven at 80° C. 
ANALYT ICAL MET H ODS 
I odine 
--
0. 0000~9 
. 000030 
.000036 
. 000023 
. 000021 
.·000042 
. 000016 
The fishery products were first dried on a steam bath and t hen brought to 
constant weight in an electric air oven at 80° C. Coulson cvnducted all of the 
determinations for iron, copper, and iodine. Iron was determined according to 
.the method of Kennedy (1927), care being taken to adjust the acidity of the 
unknown to that of the standard. Copper was determined by a modified Had-
dock and Evers method (Coulson, 1937), and iodine according to Karns technic 
as modified by von Kolnitz and Remington (1933) . 
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The analyses for calcium, magnesium, and phosphorus were conducted partly 
by Coulson, using the standard methods of analyses of the Association of Official 
Agricultural Chemists (1935), and by Nilson, using semimicro modifications of 
the methods promulgated by Morris, Nelson, and Palmer (1931). The modifica-
tions consisted in using 25 ml centrifuge tubes and approximately one-half the 
size of aliquots and quantity of reagents recommended for the determination of 
calcium and magnesium. The phosphorus aliquots were made up to 50 ml 
instead of 100 ml. Comparable analyses by the official methods and the semi-
micro modifications agreed well within experimental errors. 
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